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In order to clarify the morphological variation of plants belonging to Asarum sect. 
Asiasarum in Japan, we performed extensive field examinations for 55 populations 
covering both geographic range, taxa, and morphological races hitherto recognized. As 
previous studies were not enough in evaluation of quantitative characters, we performed 
multivariate analyses of various floral quantitative characters in addition to new qualita¬ 
tive floral characters, together with those used in the previous studies. As a result, eight 
morphologically distinct forms were recognized. They were first divided into two groups 
by color patterns in the inner surface of calyx tube; form D is dark purple, form L is dark 
purple proximally, ivory white, yellowish green or light purple in the middle part, dark 
purple or white at the throat. Form D is further divided into D1-D4 by the number of 
cells of trichomes in the adaxial surface of calyx and by the number of stamens and 
pistils. Form L is further divided into L1-L4 by the shape of calyx tube, the width of 
calyx tube throat, and the size and shape of calyx lobes. The eight forms were distributed 
almost allopatrically, and were concluded to be worthy to be recognized as distinct taxa. 

Key words: Asarum sect. Asiasarum, color pattern, floral shape, multivariate analysis. 


Asarum sect. Asiasarum Araki comprises 
six species and three varieties and occurs in 
northeastern Asia: Japan, China, Korea, and 
eastern Russia (Maekawa 1936b, Cheng and 
Yang 1983, Yamaki et al. 1996, Oh et al. 
1997, Lee and Lee 2000). In Japan, three 
species and one variety: A. sieboldii Miq., A. 
heterotropoides F. Schmidt var. hetero- 
tropoides, var. mandshuricum (Maxim.) 
Kitag., and A. dimidiatum F. Maek. have 
been recorded so far (Maekawa 1956, Ohwi 
1965, Satake and Momiyama 1982, 
Hatusima 1993). These taxa are classified 


mainly by leaf characters (outline, especially 
apex shape, variegated or not, and pubes¬ 
cence in the abaxial surface and petiole), 
calyx lobe characters (apex shape, recurved 
or erect), and the number of stamens and 
pistils. 

In contrast, Nakamura (1986) applied 
unique attributes to evaluate the variation of 
sect. Asiasarum: floral, pollen, and chemical 
component characters rather than the foliar 
ones. In floral characters, she adopted calyx 
tube characters: inner and outer color pat¬ 
tern, constriction at the throat, the number 
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and distinctness of inner sculpture on inner 
surface, and the number of cells composing 
trichomes on inner surface. As a result of her 
extensive survey in Japan, she divided A. 
sieboldii into five floral forms: “Aso type”, 
“Tanigawa type”, “San’in type”, “Tohoku 
type”, and “Western Honshu type” (Table 1). 
Each form has an almost disjunct distribution 
from the others. In characters of pollen 
grains, Nakamura (1986) and Nakamura and 
Nagasawa (1987) reported the two forms of 
the supratecta corresponding to the floral 
forms. Type A pollen has smooth supratecta 
and is found in A. heterotropoides var. 
heterotropoides and the “Aso type”, “Tani¬ 
gawa type”, “San’in type”, and “Tohoku 
type” of A. sieboldii. Type B pollen has 
striated supratecta and is found in “Western 
Honshu type” A. sieboldii and A. dimidia- 
tum. In chemical component characters, geo¬ 
graphic variations of phenylpropanoids and 
monoteipenoids were examined for A. 
heterotropoides var. heterotropoides (Naka¬ 
mura et al. 1979), A. dimidiatum (Nakamura 
et al. 1982), and A. sieboldii (Nagasawa 
1961, Nakamura et al. 1987). In A. sieboldii, 
the proportion of two phenylpropanoids 
(methyleugenol: safrole) had geographically 
clinal variations, and three distinct mono¬ 
terpenoid forms were recognized (Nakamura 
et al. 1987). Floral, pollen, and chemical 
component characters almost corresponded 
to each other (Nakamura 1986). In conclu¬ 
sion, she recognized seven forms in Japan. 

However, the study is insufficient in com¬ 
parison of quantitative characters, especially 
the size and shape of each part. For example, 
although “Tanigawa type” and “Tohoku 
type” A. sieboldii were discriminated by con¬ 
striction at throat of calyx tube and distinct¬ 
ness of longitudinal sculpture in inner 
surface of calyx tube, the delimitation of 
these characters between them were not 
presented clearly. As the result, it is difficult 
to clarify plants into each form without 
geographic information. 


The aim of this study is to clarify the mor¬ 
phological variation of Asarum sect. 
Asiasarum in Japan. For the purpose, we per¬ 
formed extensive field examinations both in 
geographic range and number of individuals. 

To recognize distinct forms in quantitative 
characters, we newly applied one of the mul¬ 
tivariate analyses, canonical variates analysis 
(CVA). In cases where each of the examined 
populations is highly expected to be 
composed of individuals in a single group, 
CVA with each population as an a priori 
group makes it possible to know the bounda¬ 
ries between distinct groups without any a 
priori grouping by precedent systems (Wiley 
1991). 

Materials and Methods 
Samples examined 

Field collections were performed on 55 
populations (Fig. 1, Table 2) in flowering 
season from 1997 to 2001 to cover almost all 
areas where sect. Asiasarum plants were re¬ 
ported in Japan. 

In field collections, ephemeral characters 
such as color patterns of calyx tubes were 
observed and color photographs were taken 
before fixing or pressing. Flowers were fixed 
with FA A (formaldehyde: acetic acid: 50 % 
ethanol =1:1:18) and were then used for 
observation and measurement. A number of 
individuals were cultivated. Voucher speci¬ 
mens are deposited in the Herbarium of 
Tohoku University (TUS). 

Measurements and observations of floral 
attributes 

Fourteen quantitative floral attributes were 
measured for 731 individuals from 55 popu¬ 
lations. More than half the characters are in¬ 
cluded in previous studies (calyx tube width 
and length, calyx tube throat width, calyx 
lobe width and length, ovule position, pistil 
protuberance width: Nakamura 1986, 
Yamaki et al. 1996: Fig. 2), and a part of 
data for A. heterotropoides var. hetero- 
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♦Populations used in precedent studies were marked with used names as follows: 1: Nakamura et al. (1979), 2: Nakamura et al. (1982), 3: Nakamura (1986), 4: Nakamura and Nagasawa 
(1987), 5: Nakamura et al. (1987). Those used in Nakamura (1986) were identified followed by the system of Nakamura (1986); HET: A. heterotropoides var. heterotropoides, TOH: 
“Tohoku type” A. sieboldii, TAN: “Tanigawa type” A. sieboldii, WES: “Western Honshu type” A. sieboldii , SAN: “San’in type” A. sieboldii, ASO: “Aso type” A. sieboldii , DIM: A. 
dimidiatum. HY is an abbreviation of “H. Yamaji”. 
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Fig. 1. Populations examined of Asarwn sect. Asiasarum in this study. 



Fig. 2. Measurement parts of flowers in Asarwn sect. Asiasarum. A: Vertical section of 
flower, a: calyx tube length (CTL), b: calyx tube width (CTW), c: calyx throat width 
(CTTW), d: degree of calyx lobe (CLD), e: ovule position (e2/el: OP). B: Flattened calyx 
lobe, f: calyx lobe length (CLL), g: calyx lobe width (CLW), h: calyx lobe foot width 
(CLFW), i: tip length (CLTL), j: tip degree (CLTD). C: Ridges in inner surface of calyx 
tube, k: height (RH), 1: number (RN). D: Pistil, m: pistil protuberance length (PPL), n: 
pistil protuberance inclination (nl/n2: PPI). 


tropoides was quoted from Yamaji et al. 
(2006). 

The procedure of measurement was same 


as Yamaji et al. (2006). For vertical sections 
of flowers (Fig. 2A), flowers were cut longi¬ 
tudinally, and images of the sections were 
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digitized using a flat bed scanner (EPSON 
GT-7000S). Coordinates of 11 landmarks 
were acquired from the digital images, and 
the value of each character was calculated 
from the coordinates. The same procedure 
was used to characterize the calyx lobes (Fig. 
2B). Each calyx lobe was placed between 
glass slides, and its image was directly digit¬ 
ized by the flat bed scanner. The lengths of 
pistils and the height of ridges on the inner 
surface of the calyx tube were measured with 
a fine plastic measure to 0.1 mm accuracy 
(Figs. 2C, 2D). Trichomes on inner surface 
of calyx tube and lobes were observed pre¬ 
liminary in a limited number of samples 
using a scanning electron microscope (SEM: 
Hitachi S-4100), and were subsequently con¬ 
firmed in the other samples using light 
microscopes. For observation by the SEM, 
fixed flowers were dehydrated with ethanol/ 
isoamyl acetate series, and were dried in a 
critical-point dryer (Hitachi HCP-1). Then, 
they were put on metal holders with adhesive 
tapes, and were coated with Pt-Pd (Ion 
Sputtering Machine: Hitachi E-1030). These 
prepared samples were observed by the SEM 
at 2-10kv. For observation by light micro¬ 
scope, fixed flowers were sliced by a freeze- 
microtome (Yamato Koki, Komatsu 
Electronic Inc. MA-101) were put on slide 
glasses with 50 % glycerol, and were sealed 
by cover glasses with a mounting reagent 
(Eukitt: O. Kindler). 

Data analysis 

We aimed to establish a hypothetical 
grouping for the measured populations using 
both qualitative and quantitative characters. 
Canonical variates analysis (CVA) was per¬ 
formed with each population as an a priori 
group. The presumption of the CVA, uni¬ 
formity of each population, was decided by 
field observations. The CVA was performed 
with the computer program package 
STATISTICA 4.1J for Macintosh (StatSoft 
Inc.) and SPSS 9.0 for Windows (SPSS 
Japan Inc.). The characters were standard¬ 


ized manually by subtracting the total mean 
from an individual raw score and then divid¬ 
ing the difference by the total standard de¬ 
viation, so that each variable had a mean of 
unity. To recognize discrete groups more ef¬ 
ficiently, the measured populations were also 
divided into several categories by diagnostic 
qualitative characters beforehand, and a new 
CVA was performed for each category. 

After a hypothetical grouping was estab¬ 
lished, the grouping was compared with the 
other characters, to find available diagnositic 
characters. 

Results 

Characters other than floral quantitative 
characters 

1. Habit In basic structure of plants be¬ 
longing to Asarum sect. Asiasarum in Japan, 
there is no difference in habit among the 
observed materials in this study and the 
descriptions by Maekawa (1936b) and Kelly 
(1997). They are low-growing, rhizomatous 
herbs with distinctive, modular growth. 
Flowering modules usually consist of almost 
fixed number of foliar organs: normally three 
scale leaves, two foliage leaves, and a soli¬ 
tary, terminal flower. Sterile modules consist 
of 2-3 scale leaves and one foliage leaf. 
Aberrant exceptions were recognized in a 
few individuals in populations Nos. 47 and 
54; they had three leaves in each module. 
Rhizome is hairless, about 5 mm in diameter, 
with leaf and flower trace and sometimes 
branching. Roots are usually about 1 mm in 
diameter, fleshy, slender, distributed evenly 
along rhizomes. Cataphylls are caducous, 
glabrous, ciliate in the margin, triangular 
ovate. Flower is solitary terminal, actinomor- 
phic. Peduncle is glabrous. Sepals are three, 
connate, forming calyx tube; calyx tube is 
glabrous in outer surface and striated longi¬ 
tudinally, internally ridged. 

2. Foliage leaves Foliage leaves of this 
group in Japan were almost similar: decidu¬ 
ous, membranous, alternate, and petiolate. 
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Type D 



Type L 


Fig. 3. Variation of color pattern in inner surface of calyx tube in Asarum sect. Asiasarum. Bar = 
lcm. Form D. 1: population No. 47, 2: No. 43, 3: No. 51. form L. 4: No. 26, 5: No. 33, 6: No. 
19, 7: No. 53. 


Laminae are simple, palmate veined, ciliate 
along the margin. Proximal and distal lami¬ 
nae have different trend in outline: proximal 
lamina ovato-cordate-broadly cordate, on 
the other hand, distal lamina pentangural 
ovate cordate. They were highly variable in 
size even in a single population. In foliage 
leaves, Maekawa (1936b) recognized that 
obtuse or acute (not acuminate) apex was 
characteristic of A. heterotropoides var. 
heterotropoides. However, we found many 
intermediate forms in plants belonging this 
taxon from southeastern Hokkaido (Yamaji 
et al. 2006) and northern Honshu (Nakamura 
1986). 

All plants and specimens examined in this 
study have laminae sparsely pilose on the 
adaxial surface and on the veins of abaxial 
surface, and petioles are pilose in only 
adaxial ridges, though pubescens of leaf 


laminae and petioles are used to discriminate 
plants belonging to this group in Korea and 
China (Maekawa 1936b, Cheng and Yang 
1983, Yamaki et al. 1996). Consequently, it 
was difficult for the plants to be divided into 
several distinct states with such leaf charac¬ 
ters alone, and we compared the variation of 
them after a hypothetical grouping was 
established with the other characters. 

3. Position of hibernaculum There are 
two different forms in the position of the 
hibernaculum. In almost all cultivated indi¬ 
viduals from the populations examined, the 
axillary bud of the most distal foliage leaf 
dominantly developed into hibernaculum, 
and those of the proximal leaf and cataphylls 
sometimes develop secondarily. On the other 
hand, in the individuals from two popula¬ 
tions in central Kyushu (Nos. 53, 54), 
axillary buds of cataphylls dominantly 
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Fig. 4. Geographic variation of Asarum sect. Asiasarum in Japan. A: Color pattern of flower. B: 
Number of cells of each multicelluar hair in adaxial surface of calyx tube and lobes. 


developed instead and those of foliage leaves 
did not develop. This difference probably af¬ 
fects the shape of rhizomes; the former tends 
to grow straight, the latter tends to grow zig¬ 
zag. 

4. Floral color pattern In color patterns 
of internal surface of calyx tube, two distinct 
forms, we call forms D and L hereafter, were 
observed (Fig. 3). The pattern of form D was 
as follows: ivory white or greenish yellow at 
the base, dark purple proximally, in the mid¬ 
dle part, and at the throat. The pattern of 
form L was as follows: ivory white or green¬ 
ish yellow at the base, dark purple proxi¬ 
mally, ivory white, yellowish green, light 
purple, or their intermediate in the middle 
part, dark purple or rarely ivory white at the 
throat. Ivory white throat were recognized in 


all the individuals of Nos. 53 and 54, and 
rarely in Hokkaido populations. Therefore, 
the two forms were clearly distinct in the 
middle part: dark purple or not. These color 
patterns were stable within a single popula¬ 
tion. 

The distribution of the two forms were 
almost allopatric (Fig. 4A). Form D was dis¬ 
tributed in central and western Honshu, 
Shikoku, and Kyushu. Form L was distrib¬ 
uted in Hokkaido, northern and eastern 
Honshu, and disjunctively in central Kyushu. 
The border of the two forms in Honshu lay 
near the 37°00'N parallel. 

In contrast, the color of outer surface of 
the calyx tube varied even in a single popula¬ 
tion. Nevertheless, four distribution pattern 
were recognized: (1) bright dark purple, 
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mainly in Hokkaido, (2) bright ivory pink, 
light purple, or their intermediates, in central 
Kyushu and northern Honshu, (3) yellowish 
brown with purple dots, olive green with 
purple dots, purple with yellowish green 
dots, or their intermediates, in central and 
northern Honshu, (4) grayish olive green 
with purple dots, in central and western 
Honshu, Shikoku, and Kyushu. The color 
pattern combinations of adaxial and abaxial 
surface of calyx lobes also varied even in a 
single population. The abaxial surface was 
generally the same as or brighter colored 
than that of outer surface of calyx tube. 
However, the color of the adaxial surface 
seemed to have no relation to that of the 
abaxial surface and varied from ivory pink, 
dark purple to light green, or intermediate 
colors. 

Individuals in the greater part of the popu¬ 
lations had pistil protuberances colored dark 
purple to greater or less degrees. On the 
other hand, populations in central Kyushu 
(Nos. 53, 54), and almost all individuals in a 
population in western Honshu (No. 48) were 
unique in having yellowish green protuber¬ 
ances. 

5. Trichomes of flowers The number of 
cells in each trichome on the inner surface of 
the calyx tube and adaxial surface of calyx 
lobes varied remarkably among the popula¬ 
tions but was stable within a single popula¬ 
tion. In the precedent studies, this character 
was simply categorized into four forms; each 
trichome was composed of (1) single, (2) 
three, (3) five, or (4) seven to ten cells 
(Nakamura 1979, 1986, Table 1). However, 
the result in this study was rather variable; 
the number of cells of trichomes sometimes 
differed about ± one even within an individ¬ 
ual. Consequently we divided trichome con¬ 
ditions into four forms (Fig. 5). The number 
of cells in each form was as follows: one or 
two (form HI), three to five (rarely more 
than five, form H2), six or seven (rarely 
eight, form H3), and seven to ten (sometimes 


more than ten, form H4). The distribution of 
each form was less allopatric than that of the 
color pattern in the inner surface of calyx 
tube (Fig. 4B); form HI was observed in 
eight populations from central Honshu, form 
H2 was in 40 populations from almost all 
areas examined, form H3 was in six popula¬ 
tions in narrow area of central Honshu, 
northeastern Honshu, and Hokkaido, and 
form H4 was in only one population in west¬ 
ern Honshu (No. 48). 

6. The number of stamens and pistils 
As in the other sections of Asarum , the regu¬ 
lar number of stamens and pistils were 12 
and 6, respectively, and the greater part of 
populations examined showed these standard 
numbers: standard S (stamens) & P (pistils). 
On the other hand, in three populations (Nos. 
50, 51, and 52), they are reduced to half: 6 
and 3, respectively: reduced S & P. Reduc¬ 
tion of stamens and pistils is regarded as one 
of the diagnostic characters to discriminate 
A. dimidiatum from the other species 
(Maekawa 1936a, 1936b, Ohwi 1965, Satake 
and Momiyama 1982). 

7. Conclusion of the characters other 
than floral quantitative traits Among the 
characters mentioned above, the floral color 
pattern in inner surface of calyx tube was 
most discrete and stable, and the two forms 
were distributed in different areas. Therefore 
we classified populations into forms D and L 
firstly, and further subdivided them by the 
other characters, and compared with CVA 
results. 

Form D populations involved a wider 
range of variation than form L populations in 
the qualitative characters examined in this 
study. In the condition of trichomes of flow¬ 
ers, form D populations were divided into 
three forms, form HI (eight populations), 
form H2 (eight populations), and form H4 
(one population). In the number of stamens 
and pistils, fourteen populations had standard 

5 & P, and three populations had reduced S 

6 P. In the combination of these two 
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Fig. 5. SEM phtographs of hairs on inner surface of calyx lobe in Asarum sect. Asiasarum. A: Form H1 
(population No. 39). B: Form H2 (No. 24). C: Form H3 (No. 38). D: Form F14 (No. 48). Bar= 100 pm. 


characters, four forms were recognized in 
form D populations: form D1 (form HI, 
standard S & P, eight populations), form D2 
(form H2, standard S & P, five populations), 
form D3 (form H4, standard S & P, one 
population), and form D4 (form H2, reduced 
S & P, three populations). The four D forms 
were almost allopatrically distributed (Fig. 
6). Form D1 was distributed in central 
Honshu, form D2 was in western Honshu, 
form D3 was restricted to western Honshu, 
and form D4 was in Shikoku and Kyushu. 

Form L populations were less variable in 
the characters examined above. Though they 
are divided into two forms, form H2 (32 
populations) and H3 (six populations), in the 
condition of trichomes, the distribution and 
relationship to the other characters were less 
clear. Moreover, the other characters are dif¬ 


ficult to classify the form L populations into 
more than one distinct group. 

Canonical variates analyses (CVA) for 
floral quantitative characters 

Through the field observations, we found 
that each population was most likely com¬ 
posed of only a single morphological form 
because the shape, the proportions of vari¬ 
ables, and most of the qualitative characters 
of flowers mentioned above were stable in 
each population (Yamaji unpubl. data). This 
condition enabled us to designate each popu¬ 
lation as an a priori group for CVA (Wiley 
1991). 

1. Total populations Fourteen signifi¬ 
cant (p < 0.00001) CVs were calculated. The 
variances accounted for the axes I—III were 
45, 22, and 8 %, respectively. The eigen- 
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Fig. 6. Recognized forms of Asarum sect. Asiasarum in Japan in combination with color form, hair 
form and the CVA results. 


Table 3. The standardized eigenvector and eigenvalues for the first three caronical variables in Asarum plants ex¬ 
amined in this study 


A. Total populations B. Color form D populations C. Color form L populations 


Variables 


Axes 



Axes 



Axes 


i 

ii 

III 

I 

ii 

III 

I 

ii 

III 

Ovule position (OP) 

0.300 

0.277 

0.277 

-0.434 

0.023 

-0.273 

-0.018 

-0.346 

0.004 

Calyx tube width (CTW) 

-0.824 

0.154 

0.664 

-0.212 

-0.677 

-0.302 

0.747 

-0.160 

0.086 

Calyx tube length (CTL) 

-0.141 

-0.781 

0.101 

0.474 

-0.713 

0.145 

-0.382 

0.352 

0.556 

Calyx tube throat width (CTTW) 

0.642 

0.160 

-0.283 

-0.573 

0.356 

0.133 

-0.444 

-0.315 

-0.083 

Degree of calyx lobe (CLD) 

0.277 

-0.307 

-0.400 

0.007 

0.139 

0.378 

-0.515 

0.251 

-0.188 

Calyx lobe length (CLL) 

0.181 

0.073 

-0.479 

-0.835 

-0.416 

0.724 

-0.177 

0.167 

-0.314 

Calyx lobe width (CLW) 

0.472 

-0.449 

-0.025 

0.510 

0.060 

-0.471 

-0.342 

0.447 

-0.343 

Calyx lobe foot width (CLFW) 

0.159 

0.106 

0.641 

-0.151 

0.028 

-0.049 

-0.152 

-0.811 

0.503 

Tip degree (CLTD) 

-0.075 

-0.016 

0.190 

-0.079 

-0.048 

-0.127 

0.113 

-0.050 

0.122 

Tip length (CLTL) 

0.032 

-0.002 

0.048 

-0.017 

0.016 

-0.213 

-0.012 

-0.008 

-0.104 

Pistil protuberance length (PPL) 

0.160 

0.465 

-0.254 

-0.195 

0.644 

-0.125 

0.013 

-0.278 

-0.431 

Pistil protuberance inclination (PPI) 

0.151 

-0.074 

0.328 

0.005 

-0.307 

-0.476 

-0.082 

0.030 

0.433 

Calyx tube ridges height (RH) 

-0.376 

0.729 

-0.141 

0.855 

0.765 

-0.425 

0.647 

-0.023 

-0.345 

Calyx tube ridges number (RN) 

0.310 

-0.075 

0.056 

-0.037 

0.216 

-0.517 

-0.374 

-0.147 

-0.335 

Eigenvalues 

16.256 

7.778 

3.056 

11.185 

8.085 

5.313 

12.703 

5.285 

2.652 

Percentage of total variance 

44.9 % 

21.5 % 

8.4 % 

34.4 % 

24.9 % 

16.4 % 

47.6 % 

19.8 % 

9.9 % 


vectors of each variable to CV I, CV II, and 
CV III are shown in Table 3A. The two- 
dimensional scatter diagrams on CV I & II 
and CV I & III are shown in Figs. 7A and 
7B, respectively. The ranges of populations 
overlapped with each other, and any clusters 
were hardly recognized in the diagrams. This 
unclear result may indicate the limit of CVA 
for simultaneous recognition of many 


groups. Therefore, as elucidated above, com¬ 
bined analyses with the other characters 
examined above possibly act effectively to 
discriminate morphologically distinct 
groups. 

The most clear-cut quantitative character, 
color pattern in inner surface of calyx tube 
(forms D and L) divided both the individuals 
and populations into different ranges effec- 
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tively in the CV I & CV II scatter diagram 
(Fig. 7A). Form D individuals mainly occu¬ 
pied in positive field in both of the two CVs 
except one population (No. 48, as mentioned 
above, the unique population with form H4 
hairs), and form L ones occupied in the other 
field. This result indicates that individuals 
different in floral color pattern are also dif¬ 
ferent in the shape and/or size. 

2. Color form D populations Ten sig¬ 
nificant (p < 0.00001) CVs were calculated. 
The variances accounted for the axes 1-111 
were 34, 26, and 16 %, respectively. The 
eigenvectors of each variable to CV I, CV II, 
and CV III are shown in Table 3B. 

In the two-dimensional scatter diagram on 
CV I and CV II (Fig. 7C), any clusters were 
hardly recognized. This result possibly indi¬ 
cated that there is no clear border to divide 
form D populations into more than one 
group in floral quantitative variation alone. 
In the diagram, most form D1 populations 
were in negative field to around neutral posi¬ 
tion in the both axes, on the other hand, form 
D2 populations were around neutral position 
to positive field in both axes. Form D3 popu¬ 
lation was in the positive field in CV I and 
negative field in CV II. Form D4 populations 
were around neutral position of CV I and 
around neutral position to positive field of 
CV II, and overlapped with both forms D1 
and D2. Among the coefficients of CV I, 
highly negative factors were seen in charac¬ 
ters CLL, CTTW, and OP, on the other hand, 
highly positive factors were in RH, CTW, 
and CTL. As well, among the coefficients of 
CV II, highly negative factors were in CTL, 
CLW, CLL, and PPI, and highly positive 
factors were in RH, PPL, and CTTW. 

In the two-dimensional scatter diagram on 
CV II and CV III (Fig. 7D), which was 
effective to make clusters between the popu¬ 
lations, it should be noted that form D3 was 
separated in the positive field in CV II and in 
the negative field in CV III. Among the coef¬ 
ficients of CV III, highly negative factors 


were seen in characters CTW, CLW, PPI, 
RH, and RN, and highly positive factors 
were in CLD and CLL. The difference of 
distribution range of each form in the scatter 
diagrams indicates that the four forms were 
continuous but different in the floral quanti¬ 
tative characters, which supports the differ¬ 
ence in morphological variation of among 
form D populations. 

3. Color form L populations Eleven 
significant (p < 0.00001) CVs were calcu¬ 
lated. The variances accounted for the axes 
I-III were 48, 20, and 10 %, respectively. 
The eigenvectors of each variable to CV I, 
CV II, and CV III are shown in Table 3C. 

The two-dimensional scatter diagram on 
CV I & CV II is shown in Fig. 7E. In the 
scatter diagram, four clusters were recog¬ 
nized. The result of comparatively clear clus¬ 
ters was different from that in form D 
populations; the overlap area between the 
populations was remarkably larger than that 
of form D. 

Three clusters were recognized along the 
axis CV I. The first cluster (form LI) in the 
positive field was composed of 24 popula¬ 
tions. The second cluster (form L2) in the 
negative field was composed of six popula¬ 
tions. The third cluster (form L3) was in the 
intermediate position between the first and 
the second clusters, and was composed of 
three populations. Though the three clusters 
overlapped in their margins, a few aberrant 
exceptional individuals seemed to cause 
these overlaps. In addition, their median 
points were obviously in different positions. 
Therefore, we decided that they are enough 
to be hypothetical distinct forms for the first 
step of the following analyses. Among the 
coefficients of CV I, highly negative factors 
were seen in characters CLD, CTTW, CTL, 
RN, and CLW, and highly positive factors 
were in CTW and RH. 

Two populations in central Kyushu (Nos. 
53, 54) were separated in the negative field 
of CV II from the other populations, and 
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range of these two populations strongly over¬ 
lapped each other; we call them form L4. 
Among the coefficients of CV II, highly 
negative factors were seen in characters 
CLFW, CTTW, and PPL, and highly posi¬ 
tive factors were in CLW, CTL, and CLD. 

The two-dimensional scatter diagram on 
CV I and CV III, which was effective to 
make clusters between the populations, is 
shown in Fig. 7F. In this diagram, form L4 
was completely immerged into the range of 
form LI, while form L2 and L3 occupied 
different range in CV III. Among the coeffi¬ 
cients of CV III, highly negative factors were 
seen in characters PPL, RH, CLW, RN, and 
CLL, highly positive factors were in CTL, 
CLFW, and PPI. 

These four forms could be recognized 
more conspicuously by the combination of 
other qualitative characters mentioned 
above. In the position of hibernaculum, those 
of form L4 were dominantly in axillary buds 
of cataphylls, on the other hand, those of the 
other forms were dominantly in axillary buds 
of distalmost foliage leaf. In trichomes of 
flowers, two forms were observed in L forms 
(Figs. 7E, 7F). All populations belonging to 
form L3 and six of 24 populations belonging 
to form Li had form H3 trichomes. The 
other populations had form H2 trichomes. 
Although form L3 was overlapped with form 
LI and L2 in the margin in the scattered 
diagram of CV I and CV II, it could be dis¬ 
tinguished from at least form L2 in this char¬ 
acter. 

The four forms had slightly differing 
shape in foliage leaves especially at their 
apex. Form L4 stably had obtuse or acute 
leaves at apex, and forms L2 and L3 stably 
had leaves at the acuminate apex. On the 
other hand, form Li had various leaves in 
apical shape; individuals in northern Honshu 
and southeastern Hokkaido tended to have 
acuminate leaves at apex, but the other indi¬ 
viduals tended to have leaves obtuse or acute 
at the apex. The stability of leaf forms also 


varied among populations. 

In the color of calyx lobes and outer sur¬ 
face of the calyx tube, the four forms had 
different trends. Calyx tubes and lobes of 
form L4 individuals were ivory pink, light 
purple, or their intermediate colors without 
any mixture of desaturated colors, e. g., olive 
green. Those of form LI were roughly 
divided into three forms recognized in differ¬ 
ent areas: (1) fine ivory pink, light purple, or 
their intermediate colors found in northern 
Honshu, (2) desaturated olive green with 
purple dots, purple with yellowish green 
dots, or their intermediate colors, calyx lobes 
sometimes light green found in southeastern 
Hokkaido, (3) uniformly fine dark purple 
seen in almost all area of Hokkaido. 
However, they were continuous with inter¬ 
mediate individuals. Those of forms L2 and 
L3 were variable even in one population, 
yellowish brown with purple dots, olive 
green with purple dots, purple with 
yellowish green dots, or their intermediate 
colors. Calyx lobes of form L3 were some¬ 
times pale green. 

Univariate analyses 

The eight forms recognized in the qualita¬ 
tive characters and the CVAs were compared 
in each floral quantitative character or ratio 
of several characters to examine their dis¬ 
creteness among the forms, and to find diag¬ 
nostic characters between them. 

1. Size and shape of calyx tube (CTL, 
CTW, CTTW, and OP) In CTL and 
CTW, which represent the size of calyx tube, 
the ranges of form D4 were conspicuously 
lower than those of the other forms, and 
were almost discontinuous especially with 
the other D forms (Figs. 8A, 8B). In CTL 
form D3 was conspicuously higher than the 
other D forms, and that of L4 was lower than 
the other L forms, especially almost discon¬ 
tinuous with form L2 (Fig. 8A). In CTW, 
form L4 was larger than the other L forms 
(Fig. 8B). In ratio CTL/CTW (Fig. 8C), the 
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range of form D3 was almost disconti- 
nuously higher than those of the other D 
forms, and that of form L4 was almost dis- 
continuously lower than the other L forms. 
Those of L forms except form L4 were 
generally higher than those of D forms 
except form D3. 

In the range of CTTW, the eight forms 
were divided into two groups; those of form, 
Dl, D2, D4, L4, and L2 were larger, and 
those of forms D3, LI, and L3 were smaller 
(Fig. 8D). The range of ratio CTTW/CTW 
divided the two groups more effectively, 
nearly discontinuously with value 0.55 as 
boundary (Fig. 8E). 

In OP, which represents ovule position, 
the range of form L3 was lower than those of 
the other forms, and was almost discontinu¬ 
ous with those of all D forms and form L4 
(Fig. 8F). 

2. Size and shape of calyx lobe (CLD, 
CLL, CLW, CLFW, CLTL, and CLTD) 

In CLD (Fig. 8G), which represents the con¬ 
dition of calyx lobes, e.g. recurved, patent, or 
erect, the range of D forms were wider than 
those of L forms and highly overlapped each 
other within D forms. On the other hand, L 
forms were divided into two groups; those of 
form L4 and LI were lower, and those of 
form L2 and L3 were higher. It should be 
noted that the range of form LI was broader 
than those of the other L forms, from highly 
recurved to patent. These results indicate that 
the condition of calyx lobes is not always 
stable though Maekawa (1936b), Ohwi 
(1956), and Satake and Momiyama (1982) 
applied it to discriminate A. heterotropoides 
from A. sieboldii. 

CLL, CLW, and CLFW represent the size 
of calyx lobes. In CLL, the range of form L4 
and LI were lower than those of the other 
forms, almost discontinuous with form L3 
(Fig. 8H). In CLW, form LI had lower range 
than the other L forms (Fig. 81). In CLFW, 
the range of form D3, LI, and L3 were lower 
than those of the other forms (Fig. 8J); such 


trends were similar to those of CTTW/CTW 
(Fig. 8E). In ratio CLL/CLW, which repre¬ 
sents the aspect ratio of calyx lobes, the 
range of form L4 was almost distinctly 
lower, and that of form D3 was almost dis¬ 
continuously higher than those of the other 
forms (Fig. 8K). The range of CLFW/CLW, 
which represents the degree from pentangu¬ 
lar to deltoid in outline of calyx lobe, 
showed that form L4 had deltoid calyx lobes 
though the other forms had pentangular ones, 
and that form L3 was almost distinct from 
the other L forms in calyx lobe shape (Fig. 
8L). 

Almost all individuals of form L4, and 
many individuals of form LI had no or little 
part corresponding to CLTL, which repre¬ 
sents the degree of tapering (obtuse to 
acuminate) in calyx lobes at apex (Fig. 8M). 
On the other hand, almost all individuals in 
the other forms had this part. Although api¬ 
cal shape of calyx lobes is one of the 
discriminant characters between A. sieboldii 
and A. heterotropoides var. heterotropoides 
(Schmidt 1868, Maekawa 1936b, Ohwi 
1956, Satake and Momiyama 1982), consid¬ 
erable numbers of samples in Ho kk aido 
belonging to A. heterotropoides var. 
heterotropoides had acuminate calyx lobes 
with acuminate apices (Yamaji et al. 2006). 

In CFTD, the range of form D3 was lower 
but overlapped than those of the other forms, 
and that of form L4 was almost discontinu¬ 
ously higher than those of the other forms 
(Fig. 8N). 

3. Pistil characters (PPL and PPI) PPL 

(Fig. 80) was adopted for one of the 
discriminant characters for sect. Asiasarum 
plants in Korea (Yamaki et al. 1996). The 
ranges of PPF of F forms, excluding form 
L4 were lower than those of D forms exclude 
form D3. The range of form L4 was higher 
than those of the other F forms, and was 
almost discontinuous with that of form F2. 
The ranges of PPI were, however, highly 
overlapped among the all forms (Fig. 8P). 


A. CTL D. CTTW G. CLD 
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Fig. 8. Box and whisker plot for each quantitative character or proportions in the eight forms of Asarum sect. Asiasarum recognized in this study. From the left 
to right, form Dl, D2, D3, D4, LI, L2, L3, and L4. 
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Fig. 9. Comparison between fresh flowers for the eight forms of Asarum sect. Asiasarum plants recognized in this study. Form D1 (No. 41), D2 (No. 50), D3 (No. 
49), D4 (No. 51), LI (No. 15), L2 (No. 35). L3 (No. 33), and L4 (No. 54). 
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4. Ridges in inner surface of calyx tube 

(RH and RN) In RH, the ranges of the 
eight forms were different from each other 
(Fig. 8Q). It is noteworthy that those of form 
D1 and D2 were markedly different, though 
there were little conspicuous differences in 
the other quantitative characters. In particu¬ 
lar, that of form L2 was almost discontinu- 
ously lower than those of the other L forms. 
In RN (Fig. 8R), the range of form D3 was 
lowest among those of all the eight forms 
and almost discontinuous with those of the 
other forms except forms D4 and LI, and 
that of form L4 was higher than those of the 
other forms and almost discontinuous with 
those of forms D3 and LI. 

Discussion 

In this study, we recognized the eight 
morphologically distinct forms belonging to 
Asarum sect. Asiasarum in Japan (Fig. 9). 
Their distributions were almost allopatric 
(Fig. 6). Form D1 was recognized in central 
Honshu; form D2 was from the west of 
central Honshu, form D3 was in a restricted 
area of western Honshu, and form D4 was in 
Shikoku and Kyushu. Form LI was recog¬ 
nized in Hokkaido, northern Honshu, form 
L2 was in north of central Honshu, form L3 
was in restricted area of central Honshu, and 
form L4 was in restricted area of central 
Kyushu. Although a few intermediate indi¬ 
viduals were exceptionally recognized in the 
CVAs, we conclude that the all eight forms 
are worthy to put distinct taxa. 

Fourteen of 55 populations used for the 
detailed observation of floral characters were 
also examined in the previous studies 
(Nakamura et al. 1979, 1987, Nakamura 
1986, Nakamura and Nagasawa 1987, Table 
2), and those populations covered all taxa 
recognized by Nakamura (1986). As the 
result of comparison in these populations, 
each form corresponded to only the single 
form in Nakamura (1986): forms D1 and 
D2 = “Western Honshu type” A. sieboldii. 


D3 = “San’in type” A. sieboldii, D4 = A. 
dimidiatum, LI - A. heterotropoides var. 
heterotropoides, L2 = “Tohoku type” A. 
sieboldii, L3 = “Tanigawa type” A. sieboldii, 
and L4 = “Aso type” A. sieboldii. There is no 
discrepancy except that “Western Honshu 
type” A. sieboldii separated into form D1 and 
D2. Nakamura (1986) noted that “Western 
Honshu type” A. sieboldii with multicellular 
trichomes of flower, which is the diagnostic 
character of form D2, were exceptional 
because they were recognized in only a few 
populations, however, form D2 is commonly 
distributed in the west of central Honshu. 

This study investigated the effectiveness 
of detailed measurements of quantitative 
characters and multivariate analyses for clas¬ 
sification of plants. Like sect. Asiasarum, in 
case of a group of plants which is difficult to 
classify by single or a few quantitative char¬ 
acters, e. g., size, shape, and ratio of two 
characters, multivariate analysis is able to 
discriminate more than one forms by their 
differences in their general shape. In this 
study, one of the multivariate analyses, 
canonical variates analysis (CVA; Wiley 
1991) proved effective at discriminating of 
four forms in forms L. 
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of Tohoku University, Dr. J. Endo of Science 
University of Tokyo, Dr. Y. Kadota of 
National Museum of Nature and Science, Dr. 
T. Nemoto of Ishinomaki Senshu University, 
Dr. T. Fukuda of Kochi University for their 
suggestions and advices in the course of this 
study. Thanks are also due to Dr. H. Nakai, 
Messrs. M. Tanaka, M. Sumita, Y. Mizuno 
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